Patients with familial hypercholesterolemia (FH) and patients with end-stage renal disease (ESRD) undergoing dialysis suffer from accelerated atherosclerosis. Oxidation of low-density lipoprotein (LDL) cholesterol is crucial in atherogenesis. In the present study, we determined the LDL oxidation level and oxidizability of isolated LDL of 11 male patients with FH, 15 male ESRD patients on hemodialysis, and 15 age-matched male normolipidemic healthy controls. FH patients were without lipid-lowering medication for at least 4 weeks and were reassessed after 2 years of cholesterol-lowering therapy (statins). LDL oxidation level was measured by ELISA using monoclonal antibody 4E6 to oxidized LDL (oxLDL) as the capture antibody and anti-human apoB antibody for detection; results were expressed as percentage oxLDL. In FH patients and in ESRD patients on hemodialysis, both groups having a higher percentage of cardiovascular disease, mean plasma LDL oxidation levels were significantly elevated compared with controls (4.9 Ϯ 1.3; 3.7 Ϯ 2.0; 1.7 Ϯ 0.6%, respectively). Within each group of subjects, LDL oxidation level was not associated with history of cardiovascular disease. Furthermore, in neither group was a significant correlation found between plasma concentration of LDL cholesterol and LDL oxidation level. After cholesterol-lowering therapy, LDL oxidation level in FH patients had not changed significantly and remained elevated compared with controls, despite a reduction of LDL cholesterol by 55% on average. Also, absolute plasma oxLDL concentrations, obtained by multiplying LDL oxidation level with plasma LDL cholesterol concentration, were significantly higher in FH patients before and after cholesterollowering therapy and in ESRD patients on hemodialysis than in controls (489 Ϯ 145; 189 Ϯ 122; 100 Ϯ 65; and 59 Ϯ 27 moles/L, respectively). No correlation was found between plasma oxLDL concentration and parameters of LDL oxidizability, LDL fatty acids, and LDL alpha-tocopherol content. We conclude that cholesterol-lowering therapy does not normalize elevated LDL oxidation levels in FH patients and elevated LDL oxidation level in FH and in ESRD might mirror atherosclerosis. (Lab Invest 2003, 83:13-21).
P
atients with familial hypercholesterolemia (FH) and patients with end-stage renal disease (ESRD) undergoing dialysis have a higher mortality rate because of complications of atherosclerosis than the general population (Lindner et al, 1974; Locatelli et al, 1998; Simon Broome Register Group, 1991; Slack, 1969) . For both patient groups, this finding cannot be attributed solely to the traditional risk factors of atherosclerosis such as hypertension and dyslipidemia because there is substantial variation in the onset, rate, and severity of atherosclerotic disease among patients who are matched for these classical risk factors Kotze et al, 1993; Thompson et al, 1989) . Nowadays, atherosclerosis is regarded as a chronic inflammatory disease in which low-density lipoprotein (LDL) cholesterol plays a crucial role (Ross, 1986 (Ross, , 1993 . However, native LDL needs to be oxidatively modified before it exerts its proinflammatory and atherogenic properties in full (Steinberg and Lewis, 1997; Witztum and Steinberg, 1991) . Only after its oxidative modification is LDL excessively taken up by macrophages via the scavenger receptor pathway (Haberland et al, 1982) , leading to the formation of foam cells characteristic of the earliest atherosclerotic lesion. In this way conditions of oxidative stress can accelerate the atherosclerotic process.
In patients with FH, because of reduced receptormediated hepatic LDL uptake, plasma concentration of LDL cholesterol is severely elevated and circulation residence time of LDL particles is prolonged (Goldstein et al, 1995; Myant, 1983) . These conditions favor modification of LDL to particles that are more electronegative (Demuth et al, 1996) and exhibit enhanced oxidizability (Sevanian et al, 1996) . Indeed, in FH, increased electronegative LDL proportion and increased indices of oxidative stress in plasma were recently reported (Nourooz-Zadeh et al, 2001; Sanchez-Quesada et al, 1999) . However, in disagreement with these findings, LDL oxidizability was not different from controls (Sanchez-Quesada et al, 1999) and antibody titers to oxidized LDL (oxLDL) were not elevated in FH (Hulthe et al, 1998) . Until now more specific and direct information on the oxidative status of LDL in FH had been lacking. Patients with ESRD, whose altered lipoprotein profile is characterized by reduced high-density lipoprotein (HDL) cholesterol, moderate hypertriglyceridemia, and increased levels of remnants and lipoprotein(a) (Attman et al, 1993) , are generally accepted to be subject to increased oxidative stress. During hemodialysis, the bioincompatibility of the dialysis membrane leads to activation of humoral and cellular components of the immune system, including free radical-producing granulocytes and platelets (Bos et al, 1997; Cases et al, 1993) . Hemodialysis reportedly is associated with depletion of antioxidants and increased levels of lipid peroxidation products in plasma (Handelman et al, 2001; Jackson et al, 1995; Loughrey et al, 1994a) . However, with respect to oxidative modification of LDL as assessed by indirect measurements, findings are not consistent. Although some groups report elevated levels of autoantibodies to oxLDL (Maggi et al, 1994a (Maggi et al, , 1994b , increased LDL oxidizability (Maggi et al, 1994a; Panzetta et al, 1995) , and reduced alpha-tocopherol content of LDL (Panzetta et al, 1995) in dialysis patients compared with healthy controls, others could not confirm these differences but did demonstrate that LDL of chronic renal failure patients was more atherogenic (Islam et al, 2000; O'Byrne et al, 2001) . It has been suggested that these inconsistencies are partly a result of the variable methodologies used and of abnormal LDL composition in dialysis patients (Devaraj and Jialal, 1997; Loughrey et al, 1994b) . Moreover, LDL oxidizability is a nonphysiologic assay in which a high concentration of metal ion is used, and most factors relevant for oxidation of LDL in vivo, such as antioxidants and HDL, are lacking. The recent development of monoclonal antibodies to epitopes of oxLDL has made it possible to directly determine the amount of oxidatively modified LDL particles present in the circulation (Holvoet et al, 1996; Itabe et al, 1996) . In the present study, we used a monoclonal antibodybased immunoassay to study plasma LDL oxidation levels in FH patients before and after cholesterollowering therapy, in ESRD patients on hemodialysis, and in normolipidemic healthy controls. In addition we determined the susceptibility of LDL to in vitro oxidation and we measured fatty acids and alphatocopherol in LDL.
Results and Discussion
Data summarized in Table 1 show that mean age and smoking behavior were not significantly different between groups. Cardiovascular disease (CVD) was more frequent in ESRD patients on hemodialysis and in FH than in controls, but the number of CVD events may not fully reflect the severity of the atherosclerotic disease in the patients. Using B-mode ultrasound, a technique that visualizes atherosclerotic changes in the walls of arteries, it has been demonstrated that carotid artery intima-media thickness is markedly increased, plaque is more frequent, and calcified plaque is common in FH and in ESRD (Haraki et al, 2001; Lavrencic et al, 1996; Pannier et al, 2000; Savage et al, 1998; Smilde et al, 1998; Tonstad et al, 1998) . Thus, atherosclerotic disease is underestimated in FH and in ESRD if presented as CVD events only.
In ESRD patients plasma concentrations of total cholesterol and LDL cholesterol were significantly lower and triglycerides significantly higher than in controls. Plasma concentration of HDL cholesterol did not differ between ESRD patients and controls. FH patients had significantly higher plasma concentrations of total cholesterol, triglycerides, and LDL cholesterol at baseline compared with controls, but plasma concentrations of HDL cholesterol were not different.
After baseline determinations, FH patients received cholesterol-lowering medication for 2 years: five patients received atorvastatin (80 mg daily) and six patients received simvastatin (40 mg daily). After therapy, concentrations of total cholesterol, triglycerides, and LDL cholesterol had decreased significantly, but van Tits et al total cholesterol and LDL cholesterol were still significantly higher than in controls. No change was observed for plasma HDL cholesterol concentration after therapy. Table 2 shows the oxidation levels of LDL of subjects as measured by sandwich ELISA in isolated LDL preparations and given in percentage LDL that is oxidatively modified equal to or more extensively than the standard preparation used. In normolipidemic healthy controls, LDL oxidation level ranged from 1% to 3%. In ESRD patients on hemodialysis and in FH patients, a 2-fold higher range in LDL oxidation level was observed (1-7% and 3-7%, respectively), resulting in significantly elevated mean values compared with controls. The finding that both patient groups have higher percentages of CVD and increased LDL oxidation levels compared with controls is consistent with the hypothesis that circulating oxLDL is a sensitive marker of coronary artery disease (Ehara et al, 2001; Holvoet et al, 1998b Holvoet et al, , 2001 Toshima et al, 2000) . We did not, however, find an association between history of CVD and LDL oxidation level within each of the two patient groups. Recently, when we studied the effect of statin therapy on LDL oxidation level in 28 patients with chronic renal failure, we also observed no differences between LDL oxidation levels (determined both directly in plasma as well as in isolated LDL) of patients with and without clinical manifestation of CVD (Van den Akker et al, 2003) . The lack of a correlation of circulating oxLDL with CVD in FH and in chronic renal failure patients may be due to the fact that the number of CVD events does not fully reflect the severity of the atherosclerotic disease in these patients because subclinical stages are not accounted for. Recently Holvoet et al (2001) found that obese subjects without clinical evidence of CVD but with increased intima/media thickness of carotid arteries had increased circulating oxLDL that was correlated with intima/media thickness, suggesting that an increased oxLDL level is a marker of early atherosclerosis. Thus, increased levels of LDL oxidation in FH and in ESRD may mirror the atherosclerotic disease, and prospective studies in large groups of patients to evaluate plasma oxLDL and subclinical atherosclerosis in relation to CVD are warranted.
We also assessed the dependency of LDL oxidation level on plasma LDL cholesterol concentration. A significant correlation was not found between plasma concentration of LDL cholesterol and LDL oxidation level in normolipidemic healthy controls or in ESRD patients on hemodialysis or in FH patients (Fig. 1) .
Recently vascular endothelial cells were shown to express a specific lectin-like receptor for oxLDL (LOX-1), linking circulating oxLDL with atherogenesis Sawamura et al, 1997) . Binding of oxLDL to LOX-1 induces superoxide generation and concomitant decrease of nitric oxide, activation of nuclear factor-B, up-regulation of LOX-1 expression, expression of chemokines and adhesion molecules, and apoptosis, thus affecting atherogenesis from early lesion development to plaque rupture (Cominacini et al, 2000 (Cominacini et al, , 2001 Mehta, 2000a, 2000b; . Mice overexpressing this receptor suffer from accelerated atherosclerosis (Sawamura and Inoue, 2001 ). In ESRD and in FH, enhanced activation of the atherogenic LOX-1 by increased plasma levels of oxLDL may lead to accelerated atherosclerosis.
The results of the sandwich ELISA were used to calculate individual absolute plasma oxLDL concentrations by multiplying LDL oxidation level with plasma LDL cholesterol concentration. As shown in Figure 2 , plasma oxLDL concentrations in ESRD patients on hemodialysis were significantly higher than in controls (100 Ϯ 65 and 59 Ϯ 27 mol/L, respectively, p Ͻ 0.05). Thus, despite the low plasma concentrations of LDL cholesterol in ESRD, a high LDL oxidation level results in increased plasma concentrations of oxLDL in these patients. In FH the combined presence of elevated LDL oxidation level and severely increased plasma LDL cholesterol concentration results in an approximately 8-fold increased level of oxLDL in plasma (489 Ϯ 145 mol/L) compared with normolipidemic controls. After cholesterol-lowering therapy, plasma levels of oxLDL in FH decreased significantly (Ϫ65 Ϯ 18%) to 189 Ϯ 122 mol/L because of the strong decrease in plasma LDL cholesterol concentration (Ϫ55 Ϯ 5%) but remained significantly higher than in controls (Fig. 2) . As expected, calculated plasma oxLDL concentrations correlated with plasma LDL cholesterol (Fig. 3) . The highest correlation was found when all samples were analyzed (r ϭ 0.88, p Ͻ 0.0001, n ϭ 52), but correlation was significant also within the subgroups of controls (r ϭ 0.68, p ϭ 0.005, n ϭ 15), ESRD patients on hemodialysis (r ϭ 0.67, p ϭ 0.006, n ϭ 15), and FH patients (r ϭ 0.81, p Ͻ 0.0001, n ϭ 22). In Figure 3 , all FH patients but one, and all ESRD patients on hemodialysis but one, are located above the regression line of the control group, indicating that the LDL oxidation levels of these patients are increased compared with those of controls.
In the present study, in FH patients but not in ESRD patients, increased plasma oxLDL concentration was accompanied by increased susceptibility of LDL to in vitro oxidation, as reflected by decreased lagtime, despite normal LDL alpha-tocopherol content (Table  2) . These data on LDL oxidizability were supported by measurements of fatty acids: LDL from FH patients contained increased amounts of polyunsaturated fatty acids, which are a substrate of lipid peroxidation, whereas LDL from ESRD patients was relatively rich in nonoxidizable saturated and monounsaturated fatty acids (Table 2) . Consistently, the rate of diene production and the amount of dienes produced were higher in FH patients but not in ESRD patients compared with controls ( Table 2 ). The present data are in agreement with our previously published results, in which we showed that fatty acid composition modulates LDL oxidizability (Kleinveld et al, 1993) . ESRD patients, however, were supplemented daily with a vitamin mix, and this could have contributed to the increased resistance of LDL to oxidation. The finding that despite vitamin supplementation alpha-tocopherol concentration in LDL of ESRD patients was not elevated, suggests increased consumption of alpha-tocopherol because of oxidative stress.
Previously, similar LDL susceptibility to in vitroinduced oxidation in combination with increased electronegative LDL proportion were observed in untreated FH patients compared with controls (SanchezQuesada et al, 1999) . However, the use of variable methodologies to assay LDL oxidizability make it difficult to compare data obtained in different studies.
After cholesterol lowering in FH, LDL fatty acids had normalized and the rate of diene production and the amount of dienes produced had significantly decreased, but lagtime of oxidation had not increased (Table 2) . No significant correlation was found between plasma oxLDL concentration and parameters of LDL oxidizability (lagtime, rate of diene production, van Tits et al dienes produced), LDL fatty acids, and LDL alphatocopherol content. The LDL oxidation levels that we observed in controls and in ESRD patients on hemodialysis are somewhat higher than those reported by Holvoet et al (1996) , who measured oxLDL in plasma samples of such subjects directly using the same monoclonal antibody to oxLDL in a competitive immunoassay. In their system, calculated LDL oxidation levels amounted to 0.5% in controls and 2.7% in severe chronic renal failure patients who were on hemodialysis therapy (Holvoet et al, 1996) . Reportedly, a standard oxLDL preparation, containing on the average 210 substituted lysines per apolipoprotein B-100 (apoB-100) molecule, was used to quantitate oxLDL. In the present study, we used a standard oxLDL preparation, containing on the average 48 substituted lysines per apoB-100 molecule. This amount of lysine substitution is nearly sufficient to enable the interaction of LDL with the scavenger receptor (Haberland et al, 1982) . More extensive oxidation of the standard LDL preparation would have resulted in a further shift to the left of the calibration curve in our system and in a reduction of LDL oxidation levels of samples to values comparable with those reported by Holvoet et al (1996) . Itabe et al (1996) recently also reported data on LDL oxidation levels in patients who were on hemodialysis treatment. Their system was identical to ours, except that they used a monoclonal antibody that was directed to oxidized products of phosphatidylcholine. Although the LDL oxidation levels that they reported were about 50-fold lower than ours and others found using 4E6 (which is very likely explained by the differential antigenic properties of these monoclonal antibodies), they also observed increased oxidative modification of LDL in hemodialysis patients.
To our knowledge this is the first report on LDL oxidation levels in FH. We demonstrated that without cholesterol-lowering medication, LDL oxidation levels are elevated in patients with FH compared with normolipidemic healthy controls. We also show that after cholesterol-lowering therapy, LDL oxidation level in FH patients had not changed significantly and remained elevated compared with controls (Table 2) . This is in agreement with a recent report showing no difference between oxLDL levels of patients with CVD receiving 3-hydroxy-3methylglutaryl coenzyme A reductase inhibitors compared with levels of patients with CVD who did not receive therapy (Toshima et al, 2000) . It also supports our observation that LDL oxidation level is not associated with plasma LDL cholesterol concentration in FH (Fig. 1) .
At present it is not clear whether the plasma LDL oxidation level reflects oxidative processes that take place in the circulation or mirrors the extent and/or severity of atherosclerosis in the vascular wall. Our finding that plasma oxLDL does not correlate with in vitro LDL oxidation suggests that oxidative processes in the circulation are not the source of plasma oxLDL. However, in vitro LDL oxidation may not be a suitable model to monitor in vivo oxidative processes. These may be monitored more accurately by measuring plasma and urine levels of F2 isoprostanes, a unique series of prostaglandin-like compounds formed in vivo by nonenzymatic free radical-catalyzed peroxidation of arachidonic acid (Morrow, 2000) . Increased levels of F2 isoprostanes have been shown previously in FH and in ESRD (Davi et al, 1997; Handelman et al, 2001; Nourooz-Zadeh et al, 2001) . It therefore seems tempting to relate the increased LDL oxidation levels found in FH and in ESRD patients on hemodialysis in the present study to increased oxidative stress. However, recently it was reported that supplementation with alpha-tocopherol dose dependently decreased urinary F2 isoprostanes in hypercholesterolemic subjects (Davi et al, 1997) and reduced LDL oxidizability (Islam et al, 2000) but did not affect the elevated atherogenicity of LDL (which is a measure of oxidative modification) of renal failure patients on dialysis (O'Byrne et al, 2001 ). Thus these data also suggest that plasma oxLDL does not result from oxidative processes in the circulation. This finding and the present observation that ESRD patients on hemodialysis receiving vitamin supplements have reduced LDL oxidizability in combination with increased LDL oxidation level, indicate that the atherogenic modification of the oxLDL particle has occurred outside the reach of alpha-tocopherol and that alpha-tocopherol may reduce the oxidizability of circulating particles but cannot restore the modification that the particles may have previously obtained elsewhere. In FH, theoretically, a prolonged residence of LDL in the circulation might enable these oxidative modifications, even in the absence of increased oxidative stress. However, the present finding that statin treatment did not influence LDL oxidation levels despite substantial lowering of plasma LDL cholesterol concentration, suggests that plasma oxLDL in FH is not generated in the circulation in relation to the residence time of LDL. Rather, the characteristics of circulating oxLDL and the relationship of oxLDL levels with the severity of coronary syndromes (Holvoet et al, 1995) suggest that oxLDL is generated and released into the blood stream at sites of plaque erosion or rupture by cellmediated processes. Thus, we speculate that circulating oxLDL particles in ESRD and in FH do not result from oxidative processes in the circulation but are a marker of the severity of atherosclerosis. Furthermore, the lack of an association of LDL oxidation levels with plasma LDL cholesterol concentration, LDL oxidizability, and LDL alpha-tocopherol content in ESRD patients on hemodialysis and in FH patients suggests that raised LDL oxidation level might be an independent risk factor for CVD.
In conclusion, we show that both in ESRD patients on hemodialysis and in FH patients, before as well as after cholesterol-lowering therapy, oxidation level of circulating LDL is increased. An enhanced oxidation of LDL might reflect ongoing atherosclerosis in these patients. Future studies should be aimed at unraveling the role of circulating oxLDL particles in complications of atherosclerotic disease in FH and in ESRD. 
Materials and Methods

Subjects
The present study included 15 male normotensive hemodialysis patients with ESRD who did not have diabetes mellitus or primary hyperlipidemia and who were not using lipid-lowering drugs, 11 male patients with FH, and 15 male normolipidemic healthy controls. Information about smoking habits and history of CVD was obtained from all subjects. FH patients were without lipid-lowering medication for at least 4 weeks at the start of the study and were reassessed after cholesterol-lowering therapy for 2 years (simvastatin 40 mg daily or atorvastatin 80 mg daily). Written informed consent was obtained from all participants. The study was approved by the ethics committee of our institution.
Blood samples from patients and controls were obtained under fasting conditions and placed in K 2 ethylenediaminetetra-acetate (1.8 mg/ml)-containing vials and in vials without anticoagulant at 4°C. Serum samples were prepared from blood allowed to clot by centrifugation, and lipids were determined freshly. Plasma samples were prepared by centrifugation within 30 minutes of collection, supplemented with saccharose (0.6%, w/v) to prevent formation of LDL aggregates, and stored at Ϫ80°C until analysis of oxLDL. As confirmed in a subgroup of samples, duration of storage did not influence the amount of oxLDL measured (data not shown).
Measurement of oxLDL
oxLDL was measured by a sandwich ELISA method using the monoclonal antibody 4E6 (generously supplied by Dr. Holvoet from the Center for Experimental Surgery and Anesthesiology, Catholic University of Leuven, Leuven, Belgium) as the capture antibody and anti-human apoB-100 polyclonal antibody for detection. Monoclonal antibody 4E6 is directed against a conformational epitope in the apoB-100 moiety of LDL that is generated as a consequence of aldehyde substitution of lysine residues of apoB-100 (Holvoet et al, 1996) . Thus the antibody is specific for oxidatively modified LDL (Holvoet et al, 1998a) . We raised the polyclonal anti-human apoB-100 antibody in a goat; it is used for routine immunonephelometric measurement of apoB-100.
Unlike Holvoet, to avoid matrix effects, we separated the LDL fraction from blood plasma by singlespin density gradient ultracentrifugation before the ELISA procedure (Demacker et al, 1983) . Moreover, by assaying isolated LDL, the ELISA directly yields the percentage of LDL (see below) that is oxidatively modified equal to or more extensively than the standard preparation used. Previously we have checked the validity of our assay by comparing it with direct measurement of oxLDL in plasma. We observed good correlation (r ϭ 0.72, p Ͻ 0.0001, n ϭ 52) between the measurement of oxLDL in isolated LDL and in plasma, showing that the assay specifically detects oxLDL in LDL.
Protein was measured by the method of Lowry et al (1951) , using BSA as standard and with chloroform extraction of the color solution to remove turbidity. Each LDL fraction was assayed in the ELISA in two to three different concentrations. Diluted LDL fractions (3.1-12.5 g/ml in PBS containing 0.25 mM EDTA and 0.1% BSA) were added to the microtiter wells that were precoated with 0.5 g of the antibody 4E6. After extensive washing with PBS containing 0.05% (w/v) Tween-20 (Sigma-Aldrich), the remaining oxLDL was detected with the goat anti-apoB-100 antibody and a peroxidase-conjugated rabbit anti-goat IgG antibody (Sigma-Aldrich). In each ELISA plate, various concentrations of standard oxLDL (10 -2000 ng/ml in PBS containing 0.25 mM EDTA and 0.1% BSA) were run simultaneously to determine a standard curve. oxLDL in samples was expressed as percentage of oxLDL ( ϭ LDL oxidation level) by relating the amount of oxLDL detected to the amount of LDL added to the well. Standard oxLDL was prepared from pooled LDL, which was frozen in the presence of 10% (w/v) saccharose and 0.1 mM EDTA and dialyzed against 10 mM phosphate buffer (pH 7.4) containing 0.9% NaCl before oxidation with copper (20 M copper, 650 -700 mg/L LDL, 15 hours, 37°C). Using this method, conjugated dienes in LDL reproducibly increased 4.5-to 5.0-fold, fluorescence increased 25-fold, and electrophoretic mobility in agarose gel increased markedly and consistently: relative to native LDL, the center of the oxLDL band migrated 4.0 times further. ApoB-100 molecules of oxLDL standard contained on average 48 substituted lysines, as calculated from the number of malondialdehyde molecules bound per molecule of apoB-100, assuming that two lysines on apoB-100 are blocked by each bound malondialdehyde molecule.
To test whether the goat anti-apoB-100 antibody is able to recognize apoB-100 of oxLDL, we performed immunonephelometric measurements of human apoB-100 with the antibody. The results showed that recognition of apoB-100 by the antibody was not disturbed by oxidation of the LDL with copper. After incubation with copper, conjugated dienes in LDL increased gradually from 199 nmol/mg protein to 224, 275, 780, 756, and 932 nmol/mg protein at 1.25, 2.5, 5, 7.5 and 15 hours, respectively, whereas apoB-100 concentration as determined by immunonephelometry did not decrease but increased slightly from 566 mg/L to 630, 648, 685, 728 and 729 mg/L, respectively. Thus, the antibody is suitable to detect apoB-100 of oxLDL captured by the monoclonal antibody 4E6.
In the ELISA, EC 50 of native LDL amounted to about 10 g/ml. Oxidation of LDL caused a parallel shift to the left of the concentration-effect curve, resulting in EC 50 values of about 5 g/ml, 1 g/ml, and 100 ng/ml for LDL oxidized with copper for 20 minutes, 40 minutes, and 15 hours, respectively.
Serial dilution of native LDL samples gave results close to linearity (data not shown), indicating that the assay was quantitative and confirming parallelism between the oxLDL standard and native LDL samples. Furthermore, coincubation of LDL samples (5 g) with the monoclonal antibody 4E6 (0.5 g) (almost) comvan Tits et al pletely inhibited the binding of apoB-100 to the precoated wells, showing that the oxLDL in this sandwich ELISA was specifically bound to the monoclonal antibody.
Other Methods
Cholesterol and triglyceride concentrations in serum were determined by enzymatic methods (BoehringerMannheim, Mannheim, Germany) on a Hitachi 747 analyzer (Hitachi, Tokyo, Japan). Serum HDL cholesterol was determined after precipitation of LDL, very low-density lipoprotein, and chylomicrons using phosphotungstate/Mg 2ϩ (Demacker et al, 1997) . LDL cholesterol in serum was calculated using the Friedewald formula (Friedewald et al, 1972) . Malondialdehyde in oxLDL samples was determined as thiobarbituric acid reactive substances according to the method described by Conti et al (1991) with minor modifications (van Tits et al, 2001 ). Concentrations of alphatocopherol were analyzed by reversed-phase HPLC (De Graaf et al, 1991) . Fatty acid measurements in LDL were performed by gas chromatography on a 30 m ϫ 0.25 mm inner diameter DB-23 column (J&W Scientific) as described earlier (Kleinveld et al, 1993) .
Fluorescence of LDL was determined at 360 nm excitation and 430 nm emission on a Shimadzu RF5000 spectrofluorophotometer. Susceptibility of LDL to in vitro oxidation was determined by monitoring formation of conjugated dienes at 234 nm on a PE-lambda 12 spectrophotometer (Perkin Elmer Ltd., Beaconsfield, United Kingdom) as described by Esterbauer et al (1989) and as modified by Kleinveld et al (1992) . Lagtime, defined as the time interval between the intercept of the linear least-square slope of the absorbance curve with the initial absorbance axis, was taken as a measure of resistance to oxidation. LDL agarose electrophoresis was performed as described earlier (De Graaf et al, 1991) , using Paragon lipo gels (Beckman, Fullerton, California).
Data Analysis and Statistics
The computer program ASTUTE (Microsoft Inc., Redmond, Washington) was used for the analysis. Data are presented as means Ϯ SD and were evaluated by using Student's t test for paired and unpaired data. Linear regression analysis (and Pearson correlation test) were performed to examine the relationship between variables.
